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20 Claims, 12 Drawing Sheets

250

= e,
200\ 250
interference
Frequency
Datection
2168 2183 2263 246m T
21
5 2‘4}88
202 204 214 I~ 253
m: K d S8
CRERX D> e | e
X
202
2186 S
r‘ike&zsb RF
. interferance
e Mitigation
State
280 Machine
254
1}
7 '
Ly 60h SO
L6 ot 260g




US 9,379,747 B2

Sheet 1 of 12

Jun. 28, 2016

U.S. Patent

| OMINGD
0BV
A

| 0w
;

viva ]
aNvE3sve

GOn3a

LuY HOdd

L "Old

/

ool

et

!
.*ltlA.W@d oot
{

174

)
SN
)
w,,ﬂ\ﬂ
L
w. /k i\ ,. 7 ﬂ .\ ‘;::.A\/\H{\M.M_\M vt
frw,\,,.\ ) L/fw
~ - ~ oLt
2L Ged 811




US 9,379,747 B2

Sheet 2 of 12

Jun. 28, 2016

U.S. Patent

( b Yaegi

mmmm 087
-l

¢ 9ld

vy o0gs

\
2L
S A VR S ———
P4 ‘ U%NJ
suroRW ,
oI om%w Qmwm 20482
UBHBEBIA | e S
souRlepRlU [T T e e “
BN 459 @mmmmﬁw WEE gzez)
1 - DN - ¥
Al qgvz ,& A 2. Z < < ]
= i il e e
£6 - mi A7 Am.m‘,\& ﬂp VH{Lﬂﬂk w./iﬂmﬁ... A\Mﬁm viz Smm e
e g f ez 7
d o 374 2927
UoioalR]
Aousnbas. -
snuslslBIY
v ~.
N&Z 0oz
. /
{
052



US 9,379,747 B2

Sheet 3 of 12

Jun. 28, 2016

U.S. Patent

opis UbiH 18pd

il 4
| ssB4

 iorese

Ao

£87

s
{
ose

peufig
palisadg




US 9,379,747 B2

Sheet 4 of 12

Jun. 28, 2016

U.S. Patent

fpey  fpey /

v Old

. 187

T
+wwﬁ
!
b
f
f
{
f
{
NG
{
|
{
o

apig ubiy jap

iy
«ww*

apig MO 19Pd
AN
"

N,

w I8N0 1584

\u

Giv

B he

P\ Nﬁﬁﬁ.if)%

HOp ) uogsues | / u

jeubig
paHsa(

Dy

SN

BoUBIGLA]



U.S. Patent Jun. 28, 2016 Sheet 5 of 12 US 9,379,747 B2

530b

interferance

FIG. 5A

Direct Conversion {(DCR) Mode

interference
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FIG. 5B

Low intermediate Frequency {LIF)
Mode with Low Side Offset

Intarfarence
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DETECTION AND MITIGATION OF
INTERFERENCE BASED ON
INTERFERENCE LOCATION

RELATED APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 14/311,610, filed Jun. 23, 2014, now U.S.
Pat. No. 9,112,569, which is a continuation of U.S. patent
application Ser. No. 13/540,116, filed Jul. 2, 2012, now U.S.
Pat. No. 8,761,702, the entirety of which are incorporated by
reference herein.

FIELD

The present disclosure relates to receiver architectures in a
communications system, and more particularly, some
embodiments relate to methods and apparatuses for detecting
and mitigating interference and optimizing receiver perfor-
mance.

BACKGROUND

Radio frequency transceivers in cellular systems com-
monly receive and decode a desired signal in the presence of
interference, which has commonly required a compromise in
receiver performance. For example, in order to prevent clip-
ping due to interference, several stages of narrow analog
filters are typically found in conventional receiver designs.
Such filters add current drain and distort the desired signal,
thus degrading receiver performance. Additionally, the active
stages of the receiver, particularly the radio frequency (RF)
stages, are designed with high levels of linearity so that dis-
tortion is minimized in the presence of interference. This
linearity often requires relatively high bias conditions and
therefore requires relatively high current drain.

A typical prior art receiver architecture is shown in FIG. 1.
This architecture represents a typical receiver implementa-
tion and is described in U.S. Pat. No. 6,498,926 to Ciccarelli
et al. Within receiver 100, the transmitted RF signal is
received by antenna 112, routed through duplexer 114, and
provided to low noise amplifier (LNA) 116, which amplifies
the RF signal and provides the signal to bandpass filter 118.
Bandpass filter 118 filters the signal to remove some of the
spurious signals which can cause intermodulation products in
the subsequent stages. The filtered signal is provided to mixer
120, which downconverts the signal to an intermediate fre-
quency (IF) with a sinusoidal signal from local oscillator 122.
The IF signal is provided to bandpass filter 124, which filters
spurious signals and downconversion products prior to the
subsequent downconversion stage. The filtered IF signal is
provided to variable gain amplifier (VGA) 126, which ampli-
fies the signal with a variable gain to provide an IF signal at
the required amplitude. The gain is controlled by a control
signal from AGC control circuit 128 . The IF signal is pro-
vided to demodulator 130, which demodulates the signal in
accordance with the modulation format used at the transmit-
ter (not shown).

For this prior art architecture, the local oscillator signal
(LO) is either tuned to match the radio frequency signal (RF),
so that the received signal is converted directly to baseband,
or it is tuned to convert the received RF signal to some much
lower intermediate frequency (IF) for further filtering. At
baseband or IF, the filters are set to the bandwidth of the
particular RF system to receive the desired signal and remove
interference.
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The architecture in FIG. 1 is designed to receive the desired
signal inthe presence of interference. The filter at baseband or
IF is set to remove completely any interference, and the RF
stage gain and bias are set to receive the signal with interfer-
ence with minimal distortion. Thus, such a conventional sys-
tem makes assumptions about the presence of interference,
which may reduce interference at the expense of receiver
performance when the expected interference is present, but
which may constitute a wasteful approach when such
assumptions are incorrect.

Another prior art receiver architecture is disclosed at U.S.
Pat. No. 6,498,926 to Ciccarelli et al. In this prior art archi-
tecture, post-demodulation quality is used to set the bias
conditions and therefore the linearity of the RF circuits. This
prior art approach does not address the problem fully because
the receiver state is adjusted based only on the baseband data
quality measurement, which might be degraded for numerous
reasons and not just due to interference and/or reduced RF
linearity. Also, this architecture does not do anything to
reduce the filtering requirement to match the actual interfer-
ence conditions.

Another prior art receiver architecture is disclosed at U.S.
Pat. No. 6,670,901 to Brueske et al. This prior art architecture
includes an on-channel power detector, a wide band power
detector, and an oft-channel power detector. The wideband
detector and off-channel detector will indicate if high levels
of interference are present and allow adjustment of the
receiver bias based on that. This prior art architecture sug-
gests using the information from these power detectors to
adjust the dynamic range of several blocks (LNA, mixer,
filter, analog-to-digital (A/D) converter, and digital filter). By
adjusting the dynamic range and/or bias of these stages, the
current drain can be optimized. However, this prior art
approach uses wideband detection without selectivity and
therefore is unable to distinguish out-of-band interference,
i.e., interference that is several channels away, from nearby
interference in the adjacent or nearby channels. Therefore, the
architecture cannot fully optimize the performance of the
receiver.

Since an actual device such as a cellular phone operates in
a dynamic and changing environment where interference is
variable, it is desirable to be able to modify the receiver’s
operational state depending on the interference.

SUMMARY

In some embodiments of the present disclosure, an appa-
ratus includes an amplifier configured to amplify an input
signal. A local oscillator is configured to generate an oscilla-
tor signal. A mixer is coupled to the amplifier and is config-
ured to mix the amplified input signal outputted by the ampli-
fier with the oscillator signal. A baseband filter is configured
to filter an output of the mixer to pass a selected band of
frequencies. An interference frequency detection (IFD) mod-
ule is coupled to an output of the baseband filter directly or via
one or more intermediate components. The IFD module is
configured to detect a relative frequency location of an inter-
ference signal, and to provide an IFD output signal indicative
of'the detection result. A state machine is coupled to an output
of the first baseband filter directly or via or one more inter-
mediate components. The state machine is further coupled to
the IFD module and to the local oscillator. The state machine
is configured to provide a feedback signal to the local oscil-
lator, based on the IFD output signal, to cause the local
oscillator to update the oscillator signal so that the amplified
input signal, when mixed with the updated oscillator signal, is
not located at a frequency band of the interference signal.
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In some embodiments, an apparatus includes a first pro-
cessing module and a second processing module configured
to receive a first input signal and a second input signal, respec-
tively. Each processing module includes an amplifier config-
ured to amplify the input signal of that processing module, a
local oscillator configured to generate an oscillator signal, a
mixer coupled to the amplifier and configured to mix the
amplified input signal outputted by the amplifier with the
oscillator signal, and a baseband filter configured to filter an
output of the mixer to pass a band of frequencies. A logic
module is coupled to the first and second processing modules.
The logic module includes an interference frequency detec-
tion (IFD) module coupled to an output of the baseband filter
of the second processing module directly or via one or more
intermediate components. The IFD module is configured to
detect whether an interference signal is at a higher frequency
or a lower frequency than an output of the baseband filter of
the second processing module, and to provide an IFD output
signal indicative of the detection result. The logic module also
includes a state machine coupled to the IFD module and to the
local oscillator of the first processing module. The state
machine is configured to provide a feedback signal to the
local oscillator of the first processing module, based on the
IFD output signal, to cause the local oscillator of the first
processing module to update the corresponding oscillator
signal so that the amplified input signal of the first processing
module, when mixed with the updated oscillator signal, is not
located at a frequency band of the interference signal.

In some embodiments, an input signal is amplified to pro-
vide an amplified input signal. An oscillator signal is gener-
ated. The amplified input signal is mixed with the oscillator
signal, to provide a mixed signal. The mixed signal is filtered
to pass a band of frequencies, to provide a filtered signal.
Based on the filtered signal, a relative frequency location of
an interference signal is detected. The detected frequency
location of the interference signal may be relative to a desired
signal for reception. A feedback signal is generated based on
the detected relative frequency location. The oscillator signal
is updated based on the feedback signal so that the amplified
input signal, when mixed with the updated oscillator signal, is
not located at a frequency band of the interference signal.

In some embodiments, first and second input signals are
received from a first antenna and a second antenna, respec-
tively. The first and second input signals are amplified to
provide first and second amplified input signals, respectively.
First and second oscillator signals are generated. The first and
second amplified input signals are mixed with the first and
second oscillator signals, respectively, to provide first and
second mixed signals. The first and second mixed signals are
filtered to pass a band of frequencies, to provide first and
second filtered signals, respectively. Based on the second
filtered signal, a relative frequency location of an interference
signal is detected. A feedback signal is generated based on the
detected relative frequency location. The first oscillator signal
is updated based on the feedback signal so that the first ampli-
fied input signal, when mixed with the updated first oscillator
signal, is not located at a frequency band of the interference
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The following will be apparent from elements of the fig-
ures, which are provided for illustrative purposes and are not
necessarily to scale.

FIG. 1 is a block diagram of a receiver architecture known
in the prior art.
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FIG. 2 is a block diagram of a system architecture in
accordance with some embodiments of the present disclo-
sure.

FIG. 3 is an illustration of interference frequency detection
using complex mixing in accordance with some embodi-
ments.

FIG. 4 is an illustration of interference frequency detection
using a fast Fourier transform (FFT) in accordance with some
embodiments.

FIGS. 5A-C are illustrations of receiver configurations in
some embodiments.

FIGS. 6A-B are illustrations of interference in low inter-
mediate frequency (LIF) modes.

FIG. 7 is a block diagram of a multiple input multiple
output (MIMO) receiver architecture in accordance with
some embodiments.

FIG. 8 is a flow diagram of a process in accordance with
some embodiments.

FIG. 9 is a flow diagram of a process in accordance with
some embodiments.

DETAILED DESCRIPTION

This description of the exemplary embodiments is
intended to be read in connection with the accompanying
drawings, which are to be considered part of the entire written
description.

Embodiments of the present disclosure provide a novel
receiver architecture to optimize receiver performance in the
presence of interference. In various embodiments, interfer-
ence frequency detection methods are used to determine the
exact nature of the interference and to optimize the perfor-
mance correspondingly. Also, the actual method of optimiz-
ing the receiver performance is novel compared to the prior
artinthat the frequency of operation is optimized based on the
nature of the interference as determined by frequency detec-
tion measurements.

FIG. 2 is a block diagram of a system architecture of a
receiver 200 in accordance with some embodiments of the
present disclosure. An input signal 202 is received, e.g., from
an antenna. The input signal is shown in differential form
(RF_RX+ and RF_RX-); other signals in FIG. 2 may be in
differential form but are not labeled as such, for visual clarity
and to reduce clutter. The input signal is amplified by a low
noise amplifier (LNA) 204 to provide an amplified input
signal 214. A local oscillator 210 generates one or more
oscillator signals 212 (e.g., sinusoids) based on signals 208
from a synthesizer 206. A mixer 216 mixes the amplified
input signal 214 with the oscillator signal 212. The mixer may
include in-phase and quadrature channels 216a and 21654.
Separate processing pathways are shown in FIG. 2 for the
in-phase and quadrature components (with similar reference
characters but different suffixes, “a” or “b”), but the process-
ing is similar for each, so the discussion below focuses on the
top pathway in FIG. 2, which may be an in-phase or quadra-
ture path. It is to be understood that the various feedback
effects from state machine 254 to components such as filters
and amplifiers may apply to components in either the in-
phase or quadrature path.

Mixed signal 2184 provided by mixer 216 is processed by
a series of filters 222a, 2324, 2424, which may be baseband
filters. These filters implement the overall interference rejec-
tion of the baseband, and they may have programmable band-
widths with many different settings. For example, a multi-
mode receiver may have bandwidths from 100 kHz up to 10
MHz to support various modes like Global System for Mobile
communications (GSM), Time Division-Synchronous Code
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Division Multiple Access (TD-SCDMA), Wideband Code
Division Multiple Access (WCDMA), Long Term Evolution
(LTE), and other communication standards as is known in the
art. Also, the filters provide progressively more rejection as
processing moves further toward the output (toward the right
side of FIG. 2). Gain adjustment may be provided by a post-
mixer amplifier (PMA) 2264 and variable gain amplifier
(VGA) 246a.

An interference frequency detection (IFD) module 290
may be coupled to one or more outputs of VGA 246a. [FD
module 290 detects if interference is present and may detect
whether the frequency of the interference is on the high side
(above the desired signal to be received, i.e., at a higher
frequency) or on the low side (below the desired signal to be
received, i.e., at a lower frequency). The term “desired signal”
refers to the signal transmitted by the transmitter and which,
ideally, the receiver decodes. Details of IFD module 290 are
provided further below.

Thus, mixed signal 218aq is filtered by filter 222a to provide
signal 224qa, which is amplified to provide signal 228a. The
amplified signal 228aq is filtered to provide signal 234a and
then filtered to provide signal 244a, which is amplified to
provide signal 248a. A logic module 250 includes a received
signal strength indication (RSSI) module 252, which mea-
sures power and provides an output 253 to an RF interference
mitigation state machine 254. RSSI 252 is described further
below. State machine 254 receives inputs from IFD module
290 and from RSSI 252, and provides feedback to LNA 204,
synthesizer 206, mixer 216, PMA 226a (and/or 2265), and
VGA 246a (and/or 2465). Feedback is provided to compo-
nents in both the in-phase and quadrature processing path-
ways. State machine 254 may also provide signals 260c,
2605, and/or 260a to filters 222, 232, and/or 242 to enable one
or more of the filters to be enabled. Logic module 250 may be
coupled to a transmitter (not shown), which may provide a
signal to an antenna for transmission.

State machine 254, which may be a digital state machine
that may be implemented in various ways, controls circuitry
in receiver 200 to perform RSSI measurements, determine the
optimum configuration for the RF circuits, and provide feed-
back accordingly. State machine 254 may provide feedback
via signal 260/ to vary the gain of VGA 246a and/or 2465b.
The gain change may offset any gain changes inthe LNA 204,
mixer 216, and/or PMA 226a and/or 2266 effected by state
machine 254 through signals 260e, 260f, or 260g. A gain
change in the VGA 2464 will generally not improve the
linearity of the receiver with interference since this VGA
stage is after all the filter stages. However, if the gain of the
LNA, mixer, and/or PMA is changed in order to improve the
linearity, the gain of the VGA may be adjusted to compensate
for the reduction of gain in those stages.

One implementation of IFD module 290 is shown in FIG.
3. This implementation uses complex mixers 310a, 3105 to
shift the received baseband signal by a specified offset (e.g.,
the adjacent channel offset) in the positive and negative direc-
tions. After low pass filtering at filters 3154, 3155, power
detection is performed on the resultant signal using power
estimation circuits 320a, 3205, which may be implemented as
peak detectors, power detectors, or as any other kind of power
estimation circuit. So for the case shown in FIG. 3, the Pdet
High Side power is greater than the Pdet Low Side power (as
determined by a comparator 350), indicating that the fre-
quency of the interference 340 is on the high side relative to
desired signal 330. While this detection is shown for the
adjacent (denoted “adj”) channel in a particular communica-
tions implementation, this technique may be applied for other
frequency offsets also. The processing for the IFD module
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shown in FIG. 3 may be applied to a baseband signal in the
in-phase or quadrature path shown in FIG. 2.

Another implementation of IFD module 290 is shown in
FIG. 4. A fast Fourier transform (FFT) 410 is performed on
the input to IFD module 290 to detect the frequency of the
interference. FFT processing is common in multimode archi-
tectures that support standards such as TD-SCDMA and LTE
and may also be used for interference detection. FF'T module
410 may be implemented in various ways as known in the art.
By analyzing the FFT results in frequency bins such as the
adjacent channel bins 415a (frequency bin for f=f, ;) and
415p (frequency bin for f=-1, ), some embodiments of the
present disclosure determine if interference is present and
whether that interference 440 is on the high side or low side
relative to desired signal 430.

The architecture described allows optimization of the
receiver configuration depending on the presence of and the
frequency of interference. For example, FIGS. 5A-C show
three possible receiver configurations that may be used to
receive a narrowband signal in accordance with the GSM or
EDGE standards.

The three configurations are: (1) Direct conversion (DCR)
mode as shown in FIG. 5A; Low Intermediate Frequency
(LIF) Mode with Low Side Offset as shown in FIG. 5B; and
Low Intermediate Frequency (LIF) Mode with High Side
Offset as shown in FIG. 5C. In FIG. 5A, interference signals
520a, 5205 are shown on either side of desired signal 510,
which is located at zero frequency. In FIG. 5B, interference
signal 540 is shown on the low side of desired signal 530,
which has a low side offset (i.e., frequency offset such that the
desired signal is located at a negative frequency offset). In
FIG. 5C, interference signal 560 is shown on the high side of
desired signal 550, which has a high side offset (i.e., fre-
quency offset such that the desired signal is located at a
positive frequency offset).

In general, the LIF modes of FIGS. 5B and 5C are preferred
over the DCR mode of FIG. 5A, because the LIF modes can
reject the DC offset imperfections in the RF circuits. How-
ever, the LIF modes may have performance issues in the
presence of interference, as illustrated in FIGS. 6 A-6B. LIF
reception for high side interference (i.e., interference at a
positive frequency) is shown for both low side offset (FIG.
6A) and high side offset (FIG. 6B) scenarios. Additionally,
the image signal (an artifact of circuit imperfections present at
the frequency having the same magnitude but opposite sign)
created by the interference signal is also included in FIGS.
6A-6B. InFIG. 6A, interference 630 is shown on the high side
(at a positive frequency), and the image 632 of the interfer-
ence is located at the same frequency as desired signal 620.
The image is present due to imperfections in the RF circuits
and can only be improved to a certain level. Because of this,
it is desirable to operate using the high side offset as in FIG.
6B, where the interference 650 is at a positive frequency, and
the image 652 of the interference does not interfere with the
desired signal 640.

Therefore, if the interference frequency detection (IFD)
module 290 indicates that the interference is on the high side
(relative to the desired signal), then in some embodiments of
the present disclosure, reception may be performed using
Low Intermediate Frequency Mode with High Side Offset. If
the interference is on the low side (relative to the desired
signal), then reception may be performed using Low Inter-
mediate Frequency Mode with Low Side Offset. If interfer-
ence is present on both low and high sides, then reception may
be performed using Direct Conversion Mode. As these modes
correspond to various frequencies of the desired signal, the
modes may be selected by appropriate generation of the oscil-
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lator signal 212 that feeds mixer 216. For example, state
machine 254 may send a signal 2604 to synthesizer 206 to
cause the appropriate oscillator signal to be generated to
configure the receiver in one of the modes. Thus, state
machine 254 selects the appropriate receiver mode based on
the detected presence and relative location of interference as
identified by IFD module 290.

The receiver architecture of FIG. 2 may also be imple-
mented efficiently for a MIMO (multiple input multiple out-
put) system as shown in FIG. 7. Because of the MIMO
requirements for 3G and 4G cellular systems, a diversity
receiver is often included in the RF and baseband architec-
ture. This additional receiver is not needed for GSM/EDGE
mode and therefore may be used to perform the interference
frequency detection described above. Based on this informa-
tion, the mode of the receiver(s) may be optimally configured
based on the determined interference level and/or the fre-
quency of the interference.

FIG. 7 shows a receiver module 7105, which may receive
an input from a primary receive antenna 7125, and a receiver
module 710a, which may receive an input from a diversity
antenna 712a. Processing in each of the receiver modules is
similar to processing discussed above in the context of FIG. 2,
and only certain differences from FIG. 2 are discussed below.
The diversity receiver module 710a may be used for interfer-
ence frequency detection at interference frequency detection
module 790. State machine 754 may provide feedback signals
as shown in FIG. 7.

The use of the diversity receiver in some embodiments to
perform interference estimation in parallel provides several
advantages. One advantage is that the diversity receiver can
be adjusted to any bandwidth option that is desired at any time
in order to detect interference. The primary receiver is tasked
with receiving the desired signal and therefore the baseband
filters have limited bandwidth during the desired reception
slot to limit noise and interference. The diversity receiver,
when used for interference detection, has no such limitation,
so the bandwidth can be increased as desired. Another advan-
tage is that the diversity receiver gain may be adjusted for the
best performance to check the interference without consider-
ing the desired signal. The primary receiver must receive the
desired signal and therefore the gain control is set in that
receiver to optimize the level of that signal. The diversity
receiver, when used for interference detection, is again not
constrained by the need to receive the desired signal, and
therefore the gain may be optimized to detect interference.

FIG. 8 is a flow diagram of a process in accordance with
some embodiments. After process 800 begins, an input signal
(e.g., signal 202) is amplified (block 810), to provide an
amplified input signal (e.g., signal 214). An oscillator signal
(e.g., signal 202) is generated (block 820). The amplified
input signal is mixed (block 830) with the oscillator signal, to
provide a mixed signal (e.g., signal 218a). The mixed signal
is filtered (block 840) to pass a band of frequencies, to provide
a filtered signal (e.g., signal 224a). Based on the filtered
signal, a relative frequency location of an interference signal
is detected (block 850). The detected frequency location of
the interference signal may be relative to a desired signal for
reception. A feedback signal (e.g., signal 2604) is generated
(block 860) based on the detected relative frequency location.
The oscillator signal is updated (block 870) based on the
feedback signal so that the amplified input signal, when
mixed with the updated oscillator signal, is not located at a
frequency band of the interference signal.

In some embodiments, detecting the relative frequency
location of the interference signal may be based on complex
mixing. The filtered signal may be shifted, directly or after
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additional filtering or amplification, by a predetermined oft-
set in a first direction, to provide a low side shifted signal. The
low side shifted signal may be low pass filtered, to provide a
low pass filtered low side signal. The power of the low pass
filtered low side signal may be measured, to provide a low
side power measurement. The filtered signal may be shifted,
directly or after additional filtering or amplification, by the
predetermined offset in a second direction opposite the first
direction, to provide a high side shifted signal. The high side
shifted signal may be low pass filtered, to provide a low pass
filtered high side signal. The power of the low pass filtered
high side signal may be measured, to provide a high side
power measurement. The low side power measurement, the
high side power measurement, or both, may be compared to a
predetermined threshold.

Updating the oscillator signal may cause the amplified
input signal to be shifted higher in frequency, when the high
side power measurement is greater than the predetermined
threshold, may cause the amplified input signal to be shifted
lower in frequency, when the low side power measurement is
greater than the predetermined threshold, and may cause the
amplified input signal to be shifted neither higher nor lower in
frequency, when both the high side power measurement and
the low side power measurement are greater than the prede-
termined threshold.

In some embodiments, detecting the relative frequency
location of the interference signal may be based on fast Fou-
rier transform (FFT) processing. A FFT may be performed on
the filtered signal, directly or after additional filtering or
amplification to provide a frequency domain signal. A com-
parison may be made between a predetermined threshold and
the frequency domain signal at a first frequency bin, corre-
sponding to a predetermined frequency magnitude and a first
sign (e.g., positive). A comparison may also be made between
the predetermined threshold and the frequency domain signal
at a second frequency bin, corresponding to the predeter-
mined frequency magnitude and a second sign opposite the
first sign (e.g., negative). Based on the comparison, the rela-
tive location frequency location of the interference signal
may be determined.

The amplified input signal may be shifted higher in fre-
quency when the frequency domain signal at the first fre-
quency bin is greater than the predetermined threshold, may
be shifted lower in frequency when the frequency domain
signal at the second frequency bin is greater than the prede-
termined threshold, and may shifted neither higher nor lower
in frequency when the frequency domain signal at both the
first and second frequency bins is greater than the predeter-
mined threshold.

FIG. 9 is a flow diagram of a process in accordance with
some embodiments. After process 900 begins, first and sec-
ond input signals are received (block 910) from a first antenna
and a second antenna, respectively. The first and second input
signals are amplified (block 920) to provide first and second
amplified input signals, respectively. First and second oscil-
lator signals are generated (block 930). The first and second
amplified input signals are mixed (block 940) with the first
and second oscillator signals, respectively, to provide first and
second mixed signals. The first and second mixed signals are
filtered (block 950) to pass a band of frequencies, to provide
first and second filtered signals, respectively. Based on the
second filtered signal, a relative frequency location of an
interference signal is detected (block 960). A feedback signal
is generated (block 970) based on the detected relative fre-
quency location. The first oscillator signal is updated (block
980) based on the feedback signal so that the first amplified
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input signal, when mixed with the updated first oscillator
signal, is not located at a frequency band of the interference
signal.

Although examples are illustrated and described herein,
embodiments are nevertheless not limited to the details
shown, since various modifications and structural changes
may be made therein by those of ordinary skill within the
scope and range of equivalents of the claims.

What is claimed is:

1. A method comprising:

receiving a filtered signal;

detecting, based on the filtered signal, a relative frequency

location of an interference signal;

generating a feedback signal based on the detected relative

frequency location, and

updating an oscillator signal based on the feedback signal,

to cause a shift in energy in the input signal away from
the detected frequency location.

2. The method of claim 1, wherein detecting the relative
frequency location of the interference signal includes:

shifting the filtered signal, directly or after additional fil-

tering or amplification, by a predetermined offset in a
first direction, to provide a low side shifted signal;

low pass filtering the low side shifted signal, to provide a

low pass filtered low side signal;

measuring power of the low pass filtered low side signal, to

provide a low side power measurement;

shifting the filtered signal, directly or after additional fil-

tering or amplification, by the predetermined offset in a
second direction opposite the first direction, to provide a
high side shifted signal;

low pass filtering the high side shifted signal, to provide a

low pass filtered high side signal;
measuring power of the low pass filtered high side signal,
to provide a high side power measurement; and

comparing a predetermined threshold and at least one of
the low side power measurement and the high side power
measurement.

3. The method of claim 2, wherein updating the oscillator
signal includes updating the oscillator signal to cause the
input signal to be shifted higher in frequency, when the high
side power measurement is greater than the predetermined
threshold.

4. The method of claim 2, wherein updating the oscillator
signal includes updating the oscillator signal to cause the
input signal to be shifted lower in frequency, when the low
side power measurement is greater than the predetermined
threshold.

5. The method of claim 2, wherein updating the oscillator
signal includes updating the oscillator signal to cause the
input signal to be neither shifted higher nor lower in fre-
quency, when the high side power measurement and the low
side power measurement are greater than the predetermined
threshold.

6. The method of claim 1, wherein detecting the relative
frequency location of the interference signal includes:

performing a fast Fourier transform (FFT) on the filtered

signal, directly or after additional filtering or amplifica-
tion to provide a frequency domain signal;

comparing a predetermined threshold and at least one of

the frequency domain signal at a first frequency bin,
corresponding to a predetermined frequency magnitude
and a first sign, and the frequency domain signal at a
second frequency bin, corresponding to the predeter-
mined frequency magnitude and a second sign opposite
the first sign.
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7. The method of claim 6, wherein the feedback signal is
configured to cause the updated oscillator signal, provided to
amixer, to shift the input signal higher in frequency, when the
frequency domain signal at the first frequency bin is greater
than the predetermined threshold.

8. The method of claim 6, wherein the feedback signal is
configured to cause the updated oscillator signal, provided to
a mixet, to shift the input signal lower in frequency, when the
frequency domain signal at the second frequency bin is
greater than the predetermined threshold.

9. The method of claim 6, wherein the feedback signal is
configured to cause the updated oscillator signal, provided to
a mixer, to neither shift the input signal higher nor lower in
frequency, when the frequency domain signal at the first and
second frequency bins is greater than the predetermined
threshold.

10. An interference frequency detection (IFD) module
comprising:

a low side mixer configured to shift an input of the IFD

module by a predetermined offset in a first direction;
afirst low pass filter configured to filter an output of the low
side mixer;

a low side power estimation circuit configured to measure
power at an output of the first low pass filter;

a high side mixer configured to shift the input of the IFD
module by the predetermined offset in a second direc-
tion opposite the first direction;

a second low pass filter configured to filter an output of the
high side mixer;

a high side power estimation circuit configured to measure
power at an output of the second low pass filter; and

a comparator configured to output an IFD output signal
based on a comparison between a predetermined thresh-
old and at least one of an output of the low side power
estimation circuit and an output of the high side power
estimation circuit.

11. The IFD module of claim 10, wherein updating the
oscillator signal includes updating the oscillator signal to
cause the input signal to be shifted higher in frequency, when
the high side power measurement is greater than the prede-
termined threshold.

12. The IFD module of claim 10, wherein updating the
oscillator signal includes updating the oscillator signal to
cause the input signal to be shifted lower in frequency, when
the low side power measurement is greater than the predeter-
mined threshold.

13. The IFD module of claim 10, wherein updating the
oscillator signal includes updating the oscillator signal to
cause the input signal to be neither shifted higher nor lower in
frequency, when the high side power measurement and the
low side power measurement are greater than the predeter-
mined threshold.

14. The IFD module of claim 10, further comprising:

a detector configured to detecting a relative frequency loca-
tion of the interference signal by performing a fast Fou-
rier transform (FFT) on the filtered signal, directly or
after additional filtering or amplification to provide a
frequency domain signal, and comparing a predeter-
mined threshold and at least one of the frequency
domain signal at a first frequency bin, corresponding to
a predetermined frequency magnitude and a first sign,
and the frequency domain signal at a second frequency
bin, corresponding to the predetermined frequency mag-
nitude and a second sign opposite the first sign.

15. The IFD module of claim 14,

wherein a state machine is coupled to the output of the IFD
module, the state machine is configured to provide a
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feedback signal, based on the IFD output signal, for
causing a shift in energy in an input signal of the filter
away from the detected frequency location.

16. The IFD module of claim 14,

wherein the feedback signal is configured to cause the

updated oscillator signal, provided to a mixer, to shift the
input signal higher in frequency, when the frequency
domain signal at the first frequency bin is greater than
the predetermined threshold.

17. The IFD module of claim 14, wherein the feedback
signal is configured to cause the updated oscillator signal,
provided to a mixer, to shift the input signal lower in fre-
quency, when the frequency domain signal at the second
frequency bin is greater than the predetermined threshold.

18. The IFD module of claim 14, wherein the feedback
signal is configured to cause the updated oscillator signal,
provided to a mixer, to neither shift the input signal higher nor
lower in frequency, when the frequency domain signal at the
first and second frequency bins is greater than the predeter-
mined threshold.

19. An apparatus comprising:

an interference frequency detection (IFD) module config-

ured to receive a filtered signal, to detect, based on the
filtered signal, a relative frequency location of an inter-
ference signal, to provide an IFD output signal indicative
of the detection result at an output of the IFD module;
and
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a state machine, coupled to the output of the IFD module
configured to generate a feedback signal based on the
detected relative frequency location, and to update an
oscillator signal based on the feedback signal, to cause a
shift in energy in an input signal away from the detected
frequency location.

20. The apparatus of claim 19, the IFD module comprising:
a low side mixer configured to shift an input of the IFD
module by a predetermined offset in a first direction;
afirst low pass filter configured to filter an output of the low

side mixer;

a low side power estimation circuit configured to measure
power at an output of the first low pass filter;

a high side mixer configured to shift the input of the IFD
module by the predetermined offset in a second direc-
tion opposite the first direction;

a second low pass filter configured to filter an output of the
high side mixer;

a high side power estimation circuit configured to measure
power at an output of the second low pass filter; and

a comparator configured to output an IFD output signal
based on a comparison between a predetermined thresh-
old and at least one of an output of the low side power
estimation circuit and an output of the high side power
estimation circuit.
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